Cephalosporinase activity was demonstrated in all of 10 strains of Bacteroides fragilis investigated. Low rates of hydrolysis of cephalosporins (0.25 to 3.5,mol of cephaloridine per h per 109 cells) were found, but no activity against penicillin substrates was detected. In two strains the cephalosporinase activity was increased 40-and 80-fold by growing cells in the presence of penicillin. No permeability barrier for these antibiotics was demonstrated. In most cases the substrate profile showed decreasing activity in the following order: cephaloridine > cephalothin > cephaloglycin > cephalexin. The cephalosporinase from these organisms differed from that found in facultative and aerobic gram-negative bacilli in that it was inhibited by both cloxacillin and p-chloromercuribenzoate. Among nine strains of Bacteroides fragilis subspecies fragilis, correlation was found between in vitro resistance to cephaloridine and amount of 6-lactamase activity in sonically disrupted cells.
/3-Lactamase enzymes are present in many facultative and aerobic gram-negative bacilli and are thought to contribute to the resistance of these organisms to penicillins and cephalosporins. Clinically important anaerobic organisms of the genus Bacteroides, which generally are resistant to many $-lactam antibiotics, have previously been studied for enzymes which inactivate these drugs, but the findings reported have been conflicting. Garrod (5) showed penicillinase-like activity in two strains of B. fragilis, but Holt and Stewart (7) were unable to demonstrate inactivation of penicillin in eight strains of Bacteroides species. Pinkus et al. (17) studied 40 strains of Bacteroides of various species and showed inactivation of penicillin by 16 , of ampicillin by 11 , and of oxacillin by 2. They also found a correlation between the resistance of the organism and its ability to inactivate penicillin or ampicillin. Kanazawa et al. (12) Antibiotic susceptibility tests. The minimal inhibitory concentration (MIC) of penicillin G and cephaloridine was found for each organism by the agar plate dilution method. A 1:10 dilution of a turbid overnight culture grown in Shaedler's broth (BBL) in a vented Gas-Pak jar (BBL) was inoculated onto the surface of freshly prepared Shaedler's agar by means of the Steers-Foltz replicator (19) . The agar plates contained serial twofold dilutions of the antibiotics tested. Each organism was plated twice on each of three plates containing the same concentration of antibiotic. Agar plates without antibiotic were inoculated prior to and after inoculation of the antibioticcontaining plates and served as growth controls.
Preparation of crude enzyme fractions. Each organism was grown overnight at 37 C in Shaedler's broth under anaerobic conditions. From these turbid cultures a 10% (vol/vol) inoculum was put into two flasks containing 250 ml each of pre-reduced Shaedler's broth. Penicillin G was added to one of these flasks at one-half the MIC for the organism being tested in an attempt to determine whether the presence of substrate could induce increased enzymatic activity. One-half the MIC for the organism was chosen to minimize an excessive lag phase. These cultures were incubated without shaking under anaerobic conditions at 37 C for 6 h. The cells were then harvested by centrifugation at 12,000 X g for 30 min at 4 C, and suspended in 0.75 mM phosphate buffer (pH 7) at 0.01 the volume of the original culture. A portion of each concentrated fraction was frozen (-70 C) and thawed (37.5 C) 10 times to break the cells. Studies of enzymatic activity were performed on intact and broken cells with and without induction by pencillin.
For the spectrophotometric determination of cephaloridine hydrolysis, enzyme was prepared by sonic treatment of the cells, followed by centrifugation and filtration of the supernatant fluid through a membrane filter (Millipore Corp.; pore size 0.45 pm).
Measurement of ji-lactamase activity. The alkalimetric assay (4) was performed with 1.2 mM of substrate antibiotic and 0.25 ml of enzyme preparation in 0.75 mM phosphate buffer. The reaction mixture (initial total volume 25.25 ml) was maintained at pH 7 (37 C) with 0.01 M NaOH in an automated pH-stat (Metrohm Herisau, Switzerland).
Calculations were made on the basis of 1 mol of titratable acid produced per mol of penicillin hydrolyzed and 3 mol of acid per mol of cephalosporin. Rates of activity were expressed as micromoles of substrate hydrolyzed per hour per 109 cells. Each enzyme preparation was tested with the following substrates: penicillin G, ampicillin, cloxacillin, carbenicillin, cephaloridine, cephalothin, cephaloglycin, and cephalexin.
The iodometric assay (16) was performed with two enzyme preparations by using a reaction mixture identical to that used for alkalimetric method. Theiodometricassay is specific forhydrolysis of the 4-lactam ring and was performed to establish that production of titratable acidity was in fact due to this reaction. Hydrolysis of as little as 0.16 pmol of penicillin was detectable by this test.
The spectrophotometric assay (15) , a more specific test for detecting hydrolysis of the ,-lactam ring of cephaloridine than the alkalimetric assay, was carried out in a Beckman ultraviolet spectrophotometer at 255 nm.
Numbers of viable bacteria were determined at the end of the 6-h incubation period, just prior to harvesting the cells by plating 10-fold dilutions of the cultures in triplicate on freshly prepared Schaedler's agar and incubating in vented anaerobic jars for 48 h at 37 C. Samples of all batch cultures prior to harvesting of cells were plated on rabbit blood-agar and incubated both aerobically and anaerobically to exclude the possibility of contamination.
Studies of enzyme inhibition. Inhibition studies were performed on the enzyme preparation from each organism which showed the most rapid hydrolysis of cephaloridine. The inhibitors cloxacillin (0.12 mM) and para-chloromercuribenzoate (PCMB, 0.1 mM) were preincubated with the enzyme for 10 min at 37 C prior to addition of cephaloridine (1.2 mM).
RESULTS
Bacterial species and antibiotic sensitivity. Nine of the organisms were identified as B.
fraglis subspecies fragili8, whereas one, B571, was subspecies thetaiotaomicron ( Table 1 ). The MIC of penicillin G for these organisms ranged from 5 to 40 ,g/ml, and the MIC of cephaloridine from 8 to 64 ,ug/ml. The inhibitory concentration for each of the two drugs was generally parallel in each organism. Susceptibility to penicillin G in these organisms was similar to that found by Martin (14) in over 90% of 195 B. fragilis strains isolated in a clinical laboratory and tested by a similar agar dilution method.
Detection of -lactamase activity. None of the enzyme preparations tested with the alkalimetric assay showed activity against penicillin G, ampicillin, cloxacillin, or carbenicillin, even following induction with penicillin and breaking of cells. Similarly, two preparations (B571, 225B) tested by the iodometric assay showed no penicillinase activity. Experiments with B571 and 225B utilizing a 48-h period of incubation with and without attempts at induction were also unsuccessful in detecting penicillinase activity. As a check on these methods, the activity of commercially prepared penicillinase from B. cereus was frequently demonstrated.
All preparations hydrolyzed cephalosporins. Rates of hydrolysis of cephaloridine by uninduced, intact cell preparations ranged from 0.25 to 3.5 Amol per h per 10' cells ( Table 2 ).
Hydrolysis of cephaloridine was usually not increased when the cells were broken by freezing and thawing except in the case of strains 225B and B571 (Table 2 ). The enzymatic activity in eight strains was increased by growing the cells in the presence of penicillin G. This increase ranged from two to eight times the levels of activity in uninduced cells in seven preparations, and in one (108 B) an 80-fold increase in hydrolysis of cephaloridine was noted.
Two preparations (B571, 225B) were examined by the iodometric assay by using cephaloridine as substrate, and the hydrolysis of this substrate was again demonstrated. One enzyme preparation (114C) was further clarified, and its activity was verified by the extinction of absorption by cephaloridine at 255 nm.
Substrate profile and f-lactamase inhibition. The substrate profiles of enzymes from eight strains are shown in Table 3 . Rates of hydrolysis are expressed relative to the rate of hydrolysis of cephaloridine (=100). Cephaloridine was chosen as the standard since generally it was the most rapidly hydrolyzed substrate. With six of the enzyme preparations, the decreasing order of activity was cephaloridine > cephalothin > cephaloglycin > cephalexin. The remaining two enzymes (108B, 210A) hydrolyzed cephalothin and cephaloglycin more rapidly than cephaloridine. The enzyme from organism 221C showed no activity against cephaloglycin, and preparations from 221C, 201A, and 129A did not hydrolyze cephalexin.
Studies of inhibition of cephalosporinase activity were performed with eight preparations (Table 4) . Cloxacillin, a non-hydrolyzable competitive inhibitor, blocked 50% or more of the hydrolysis of cephaloridine with all eight enzyme preparations tested. The nonspecific inhibitor PCMB was more effective as an inhibitor of hydrolysis of cephaloridine than was cloxacillin. Two enzymes were inhibited 20 and 60%, but with the other six preparations 90 to 100% inhibition by PCMB occurred.
Comparison of hydrolysis of cephaloridine and in vitro susceptibility. The rates of hydrolysis of cephaloridine with uninduced broken cell preparations showed some tendency to parallel the in vitro susceptibility of the organisms studied (Table 2 ). An exception to this general trend was the relatively slow rate of hydrolysis by the organism with the greatest in vitro resistance (B571). This organism was the only one of the subspecies thetiaiotaomicron studied.
DISCUSSION
Our findings are at variance with previously published information about #-lactamase in B. ragilis (7, 12, 17) in that penicillinase activity was not demonstrated in our strains. This difference could be explained if (i) penicillinase is either not present in all strains or is present in very small amounts or (ii) the activity of the enzyme is dependent upon the maintenance of its active configuration by a reduced environment. In the experiments done by others which demonstrated penicillinase in Bacteroides, the substrate was exposed to the bacteria in the reduced, 108B  100  230  370  43  209  100  53  48  10  201A  100  188  132  0  221C  100  82  0  0  129A  100  65  18  0  109A  100  47  55  38  225B  100  82  53  16  B571  100  98  55  44 aRate of cephaloridine hydrolysis equals 100. (3, 8, 10) .
